The Microgravity technique consists of measuring minute variations in the gravitational pull of the Earth and interpreting the presence of voids/cavities from these readings. Gravity variations arising from such features are virtually undetectable by conventional gravity investigation methods as their resultant anomalies are superimposed upon much larger variations generated by changes in height, latitude and the regional geological environment.
The presence of karstic features (or mining related cavities) often leads to restrictions in land utilisation and can pose a variety of problems for both current and future users. The most common natural targets are solution cavities such as swallow holes, sinkholes and cavern systems in shallow limestone environments. Microgravity surveying has developed considerably over the last 35 years and with the development of modern high-resolution equipment, careful field acquisition procedures and sophisticated reduction and analysis techniques, these subtle anomalies can be detected and interpreted. Not only do the isolated anomalies reveal the location of caverns and voids, but they also provide information on their depths and shapes. The 'missing mass' associated with the void can also be calculated and by implementing a post-remediation survey strategy the success of any remediation process can be verified. The method is becoming widely used for geotechnical, geological and engineering investigations and has the significant advantage of leaving the ground completely undisturbed.
We have carried out many surveys in the UK, Eire, Arabian Gulf and Caribbean and present two case studies that illustrate the suitability of the technique for the detection of Karst cavern systems. The results shown that microgravity surveying is a powerful investigation technique and together with a program of targeted confirmatory drilling can efficiently determine the location, size, depth and 'missing mass' associated with subsurface cavities.
Case History 1: Bahamas
The Bahamas are formed on a Carbonate Platform composed of a variety of facies including coralgal and Oolitic Limestones. A major container Port is under development at Freeport Grand Bahama where, during the construction stage of Phase I, two major zones of sub-surface cavities were encountered having features of up to 5m in diameter. In order to assess the likelihood of cavities beneath Phase II, we undertook a major microgravity survey (>6000 stations) to detect the presence of cavities and voids.
The residual microgravity anomaly map of the area is shown in Figure 1 , and reveals a complex set of residual anomalies with amplitudes varying from +0.05 mgals to -0.06 mgals. Areas shown in blue, which are known as negative anomalies, are indicative of regions of mass depletion associated with cavities (or in some circumstances distributed void space such as might be found in a particularly vuggy formation). The most prominent feature is the zone of negative 150N ) and is linked to a second zone of more limited extent lying between 200N and 300N. Within this region, localised features are present which can be correlated with the position of known cave entrances from cave-dive surveys. A series of probe holes were drilled, using the microgravity results to target the potential cavities. The probe drilling encountered cavities at several levels and in all cases except one, there were significant voids of up to 7 metres in diameter beneath the negative anomalies. One of the boreholes was drilled to target a gravity high (i.e., a mass surplus) and intersected hard, or well cemented, rock.
Case History 2: Vale of Glamorgan , South Wales, UK
The Schwyll catchment area in the Carboniferous Limestone of the Bridgend area, South Wales, UK, is a large resurgence used as a public water supply that discharges in to the River Ogmore. The conjectural catchment of the source is 25km 2 and includes both unconfined and confined areas (both drift and consolidated Jurassic sediments). There are known water filled conduits within the catchment, the locations of which have been surveyed by cave divers. A residual bouguer anomaly map of the area is shown in Figure 2 , and indicates several areas of mass deficiency, (i.e., where there are low gravity values relative to the background -numbered 1 to 7).
Between the numbered anomalies, it is possible to infer the presence of interconnecting channels (i.e., semi-linear negative anomalies). Anomalies 2 and 4 show the largest amplitude of approximately 0.035-40 mgal, between which there is a NorthSouth trending gravity low of approximately -0.010-20 mgal (i.e., a possible subsurface karst channel). Between anomalies 3 and 7 the same is true although the anomaly amplitude is not as large, probably due to the interconnecting channel being deeper or thinner, or both.
It is conjectured that the cave system the divers swam through is the anomaly to the North of the survey, (i.e., the linear anomaly between 1 and 2). Using Gauss's theorem it is possible to calculate the mass missing from the gravity anomaly over it. If the density contrast is known, then the volume can be easily derived. A mass estimate was derived for a quadrant spanning the anomalies 4, 5, 6 and 7 and gave a current total mass deficiency beneath this area of approximately 140 tonnes. 
